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Degrees
1973 Ph.D. Geochemistry/Ore Geology — University of Durham, England
1963 B.Sc. Geology/Petrology (with 2 years organic chemistry) University of London

Awards and Honours

2009
1986
1984
1984
1980

William Smith Medal, Geological Society of London, Contributions to Applied Geology
Visiting Lecturer Tour to North America, Society for Economic Geology

Distinguished Lecturer for 1984; Institution of Mining and Metallurgy

Distinguished Lecturer for 1984; Society of Applied Geologists

Arthur Claudet Prize, Institution of Mining and Metallurgy, Paper: N-S Geofractures

Recent evidence of esteem—many invitations and features including:-

2011

2010
2010
2009
2009
2007
2000

Invited speaker, Nobel Committee and Royal Swedish Academy, Molecular frontiers
Symposium

Plenary speaker at the IEEE annual meeting, Montana

Panel member, World Science Festival, “Search for Life in the Universe”, New York
Nature, research feature in 459, 316-319 (Whitfield; Nascence Man)

Der Spiegel 11" June, 122-124 (Motor des Lebens)

PNAS, 104, 9105, (Koonin; An RNA-making reactor for the origin of life)

BBC HORIZON (Life on Mars)

Teaching

30 years experience teaching

Geochemistry, Metallogenesis, Plate Tectonics, Controversies in Geology, Origin of Life,
Geochemical Exploration, Economic Geology Field Course, Mineral Exploration Fieldwork,

PhD supervision (since 1990)

2011
2010

Randall Mielke, UCSB
Lauren Spencer, USCB/JPL

1997 -2001 Rob Blakeman (NERC Case) Compositions and routes of fluids generating the

Navan giant base-metal orebody

1992-1996 Colin Ford, (NERC Case) Origin of the conglomerate goup ore, Navan, Ireland
1998 -2003 Laig Rahman, (NERC) Geochemistry of Emergent Life (with Dr Allan Hall)
1992-1995 Helen Lewis, (NERC/Rio Tinto) Structural controls of Irish mineral deposits
1990-1994 Veysel Zedef, Genesis of Turkish magnesite- stable isotopes

1990-1993 Daud Mohamad, Simulation of radionuclide waste disposal

1988-1991 K Anderson (NERC) Genesis of the Giant Orebody at Navan, Ireland
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Mentoring
As chaired professor and head of department | have mentored a myriad of students and continue to
mentor interns at JPL

Professional societies

1963 Geological Society of London

1965 Institution of Mining and Metallurgy

1975 Society of Economic Geologistss

1984 Institution of Geologists

1995 International Society for the Study of the Origin of Life
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Positions held

2011- Senior Research Scientist, JPL/California Institute of Technology

2006-2009  NASA Senior Research Fellow, JPL/California Institute of Technology
2005-2011  Distinguished Visiting Scientist, JPL/California Institute of Technology
2004-2005  CNRS Professor, University of Grenoble

1999-2004  Dixon Research Professor, Scottish Universities Environmental Research Centre
1990-1999  Professor of Applied Geology, Glasgow University, Glasgow, Scotland
1983-1989  Professor/HoD, Applied Geology Department, Strathclyde University, Glasgow
1969-1983  Lecturer, Reader, HoD, Dept. Applied Geology, Strathclyde University
1965-1965  Geologist (party chief), Falconbridge Nickel Mines, Canada

1963-1965  British United Nations Association Geologist, Geological Survey, Solomon Islands
1958-1959  Works Chemist Improver, Howards of Ilford Limited, London, England

Secondments and Sabbaticals

University of Ghana, Legon, 1971; Ethiopian Government, carbonate assessment, 1973; University
of Minnesota, Minneapolis, 1976; University of Tasmania, Hobart, 1980; Washington University,
St Louis and Oregon State University, Corvallis, 1992; Waikato University, Hamilton, New
Zealand, 1993)

Main ongoing collaborations

Isik Kanik, JPL, astrobiology/icy worlds, reactor and membrane experiments

Allan Hall, James Milner-White (Glasgow University, UK), geochemistry, proteins & membranes.

William Martin, (University of Dusseldorf, Germany), metabolic pathways and early evolution.

Dieter Braun, Center for Nanoscience, Ludwig Maximilians University Munich, Germany, How to
create a Darwinian RNA machine from Monomers in a Hydrothermal Trap

Wolfgang Nitschke, (CNRS, Marseille/France), electron sinks and nitrogen oxide reduction.

John Allen, (University of London), origin of oxygenic photosynthesis.

Kevin Hand, JPL, sulfide deposits at Lost City

Steven Vance, JPL, methane/methyl sulfide synthesis/analysis and (hydro)magnesite microbialites

Yuk Yung, Caltech, planetary atmospheres and life detection

Randy Mielke, Richard Kidd, Max Coleman, JPL, hydrothermal reactor experimentation

James Milner-White, peptide/inorganic cluster interactions

Robert Hodyss, JPL, electrospray mass spectrometric analysis of biomarkers and peptide nests

Invited lectures and lecture tours



2011
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2009
2009
2009
2008
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2008
2008
2008
2008
2008
2008
2008
2007
2007
2007
2007
2007
2007
2006
2006
2006
2006
2006
2006
2006
2005
2005
2005
2005
2004
2004
2004
2004
2004
2004
2004
2003
2003
2003
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Royal Swedish Academy, Origin of Life and Molecular Evolution, Stockholm, Sweden
Astrobiology speaker and workshop participant, Lund University, Sweden

Panel member, World Science Festival, New York

National Center for Biotechnology, NIH, Bethesda, Maryland

Centro de Astrobiologia, CSIC-INTA, Madrid, Spain

ABSCICON 2010, Organosynthesis in hydrothermal vent environments,

Keynote address, University of Durham, UK, Compartmentalization in the Origin of Life,
Invited presentation, NAI workshop, Dating early events in earth History, UCLA, March
Plenary talk, IEEE Aerospace Conference, Big Sky, Montana, March

Invited talks and panel member at ABSCICON

UCLA, Origin of life and oxygenic photosynthesis

Opening lecture, University Louisville, DARWIN 2009

TEDX lecture, Hollywood, LA, “Art and Science”.

UC Davis, UC Santa Barbara, Caltech lectures on Origin of Life

Gordon Conference “Molecular Basis of Microbial One-Carbon Metabolism”, Maine
International Year of Planet Earth, invited lectures in Dublin and Kilkenny

Santa Fe Institute workshop, “Compartmentation, phase separation and the origin of life.”
The Committee on the Origins and Evolution of Life, NRC Washington

USC Viterbi School of Engineering, “How life began in our water world.”

American Chemical Society, 235™ meeting, Chemical Evolution, New Orleans

Gordon Conference “Origin of Life”, Ventura

Bennett Lecture, University of Leicester 50" anniversary

CosmoCaixa Science Museum in Barcelona “The Beautiful Story of the Cosmos”.
Plenary Lecture, "Biosphere Origin and Evolution”, Greece

Invited lecture, 14™ International congress of Photosynthesis, Glasgow, Scotland
Invited lecture, Carnegie Institute, Washington

Invited lecture, Emergence of Life, Max Planck Institute, Jena, Germany

Invited lecture, Emergence of life — Los Alamos

Invited lecture, Origin of life and oxygenic photosynthesis, UC Berkley

Keynote address, Goldschmidt Conference, Abiotic-biotic transition, Melbourne, Australia
Invited lecture, Santa Fe Institute, Origin of life, USA

Opening lecture, Lecture series — University of Bremen, Origin and Evolution of Life
Keynote address, Life in the Universe, IMA, Kolbe, Japan

Invited lectures, Origin of life, University of Uppsala, Stockholm

Invited Lecture, Early Evolution, Leopoldina Symposium, Bremen, Germany

Invited lectures, NORDITA Astrobiology, Kittila, Finland

Invited lectures, Origin of life, Chemical Physics, Earth Science, Caltech

Opening Lecture, Origins and evolution of cells, Queen Mary College, London
Opening Lecture, Astrobiology, NORDITA, Copenhagen

Keynote address, Mineral Deposits Study Group, Ireland

Invited lecture to Jet Propulsion Laboratory, Pasadena, USA

Invited lectures, Astrobiology, UCL

Invited lectures to ETH Zurich & LM University, Munich

Invited lectures to CNRS Marseille, Grenoble & Paris Sud

Invited lectures to Macquarie University Astrobiology & University of Tasmania
Opening Lecture, Gordon Conference, Metals and Evolution, Maine, USA

EGU, COSPAR, Paris, Hydrothermal Reactors and the Origin of Life

Invited lectures, University of Arizona at Tempe and Tucson

Keynote speaker, Fermor Conference, University of Wales

British Association invited lecture
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1999
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1998
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1997
1996
1996
1995
1995
1995
1994
1994
1995
1995
1995
1993
1993
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1992
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1991
1991
1988
1988
1988
1989
1989
1987
1987
1986
1986
1986
1986
1986
1984
1983
1981
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Royal Society of Chemistry AGM invited lecture "Astrochemistry of life"

The Kongsberg Seminar, Norway, invited lecture

Invited lecture, University of Bergen

Earth System Processes, GSA/GSL, Edinburgh, Convenor/speaker

Invited lecture, Goldschmidt 2001, Mineral catalysts in organic synthesis, Virginia,
British Association invited lecture

Invited lecture ACS, Carbon dioxide in biogeochemistry, USA

Invited Lecture, EMBO Symposium on Microbial Evolution.

Convener/Lecturer, Goldschmidt Conference, Origin of Life, Oxford

NASA Ames Research Center, Origin of Life/Exploring for Fossil Life on Mars.
Invited lecture, Gordon Conference, Metals in Biology, Ventura, California.
Invited Lecture, De La Beche Club, The Origin of Life.

Invited lecture, GEOSCIENCE98, Life on other planets and the early Earth?
Invited Lecture, Royal Astronomical Society, Planets outside the Solar System.
Invited lecture, Life on Mars, British Interplanetary Society.

Keynote Address, Giant Orebodies, Neves-Corvo Conference, University of Lisbon
SEG-GSA Symposium, "Ore Deposits Through Time", Salt Lake City,
International workshop, CIBA Evolution of hydrothermal ecosystems....

Keynote Address, Thermophiles: University of Georgia, USA.

Invited lecture, Open University Geological Society Meeting

Invited lecture, University of Granada, Biomineral Paterns & Materials Science
Lecturer, University of Granada Summer School on Origin of Life

Invited lecture, British Association Meeting.

Keynote address, 12th Australian Geological Congress.

Invited lecture, Open University Geological Society Meeting

Invited lecture, University of Granada, Biomineral Paterns & Materials Science
Lecturer, University of Granada Summer School on Origin of Life

Invited lecture tour, Universities in New Zealand.

Invited lecture, Washington University, St. Louis, USA.

Invited lecture, British Association Meeting.

Invited lecture, Scientific Committee for Oceanographic Research, Sweden,
Invited lectures, The Jagielonian University, Krakow,

Co-organiser and speaker, "The Inorganic-Organic Interface”, Ross Priory, Scotland
Invited lecture to Scientific Committee for Oceanographic Research, Oregon, USA.
Invited lecturer, lead-zinc orebodies, University of Bilbao, Spain.

Review Lecture, Economic Geology, Centennial meeting, Geol. Soc. America.
Invited Senior Scientist, Sept-Oct. University of Oslo.

Distinguished Lecturer, Institution of Mining & Metallurgy.

Review Seminar, Mineral Deposit Models. Geological Society, London.

Keynote Speaker, Mineral Deposit Research in the UK. GSL.

Invited participant, Gordon Conference on Hydrothermal Geochemistry, USA
Invited lecture, Earth Resource Research, Memorial University, Newfoundland.
Visiting Lecture tour of North America, Society of Economic Geologists.

Invited lecturer, Economic Geology Section, Geological Society of America A.G.M.
Principal Lecturer, Institution of Geologists - A.G.M.

Closing Address, VII Intern’l Assoc. on Genesis of Ore Deposits, Luled, Sweden.
Invited lecturer, 31st Inter Universities Geological Congress.

Geological Association of Canada Short Course Lecturer,

"Prominent Geologist's" Lecturer to Atlantic Geoscience Society of Canada and
Lecture tour of the Maritime Provinces.
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1980 Australian Academy of Sciences Lecturing Fund. A.N.U., C.S.1.R.O. Sydney,
Adelaide, Townsville, Tasmania.

1980 Keynote Speaker, 4th Australian Geological Convention.

1977 Royal Norwegian Foreign Office Guest Lecturer, Universities in Norway.

1973 Invited lecturer, First Symposium, Metallogenesis & Plate Tectonics, Newfoundland.

1972 Invited lecturer, First Symposium on Implications of Continental Drift, Newcastle.

Recent grants

$8M Co-I NASA NAI “Icy Worlds” 2008-2012 (PI; Isik Kanik)

$300 Co-1 NASA ROSES Astrobiology “Experimental test of an autogenic theory of the
origin and earliest evolution of life”” 2008-2010 (PI; Isik Kanik)

£142,157 NERC -GR3/09926 Origin of life (1996-1999) Final report rated excellent

Outreach

2010 lectures to USC geobiology course students

2009 TEDx lecture, Hollywood, LA, “Art and Science”.

2007 Discussions with Kansas teachers on teaching and evolution

1992-2006 Lectures to Edinburgh School of Art

2003 New Scientist

2000 BBC HORIZON. Life on Mars

1997 ITV Icon

1996 Radio Scotland, Ores in Scotland

1996 BBC 'Science Now', Origin of Life

1996 BBC 5, Night Moves

1996 BBC Scotland, The Usual Suspects

1995 Radio Scotland, The Oceans

1994 Radio Scotland, Origin of Mineral Deposits

1993 BBC HORIZON, on the Origin of Life

1993 Austrian TV, Origin of Life

1988 Radio Scotland debate with Prof Thomas Gold on The Deep Gas Hypothesis
1975 BBC News. Nuclear waste disposal

Also, Open University Tutor, Lectures to amateur societies and young people’s societies in Scotland,
Numerous interviews with BBC and other radio stations

Main external committee and board membership
2001-present Editorial Board of Astrobiology

1999 British National Space Centre - Panel Member: Exobiology, Extremophiles and Habitats
1992 Chairman, the NERC Review Committee, MSc Courses in Engineering Geology

1992 Chairman, the NERC Review Committee, Extractive Industries Partnership Scheme
1988-1992 Geological Sciences Research Grants & Training Awards Committee, the NERC
1988-present Professional Affairs Committee, Institution of Mining & Metallurgy

1988-1995 Editorial Board of the Institution of Mining & Metallurgy

1988-1989 Chairman. Scottish Branch of the Institution of Mining & Metallurgy

1982-1983 Scottish Universities Council on Entrance: Working Party on Geology

1974-1980 Editorial Board of the Institution of Mining & Metallurgy

2001-present Editorial Board of Astrobiology

Experience on instrumentation
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X-ray fluorescence; X-ray diffraction and mass spectrometry; Atomic Absorption
Spectrophotometry; Magnetometry; Thermometric (fluid inclusion) analysis; Gravimetrics:
Electron Microprobe; Scanning Electron Microscope

Departmental administration

Setting up and development of the Applied Geology Department's Geochemical Laboratories at
Strathclyde University. Running of 3rd and 4th year field excursions. Head of Department 1982-
1989 (achieving an A rating by the Scottish Education and Research Committee), Research co-
ordinator from 1990-92, Research advisor 1993-95.

University administration

Faculty Resource Committee, 1986-89

Faculty Review Panel, 1986-89

Chairman - Faculty Examination Board 1987-1989.

Senate Review Panel, 1986-89

Senate Member (ex officio from 1982)

Faculty Board (ex officio from 1982)

Faculty Planning Committee (elected member 1982-96)

Head of Department's Committee for Isotope Geology Unit (SURRC) 1981-1989
School Board (1969-72)

Conference organization

Mediation across the abiotic-biotic transition at the dawn of life, Goldschmidt Conference,
(Conveners, Michael Russell and Everett Shock) University of Melbourne, September 2006
Geochemistry and the origin of life, Goldschmidt Conference, (Conveners, Michael Russell and
Everett Shock) University of Oxford, September 2000

The inorganic-organic interface - geological, chemical and biological prospects. 7-10th May 1991
with Drs. A.P. Gize and Dr S. Mann, Glasgow.

Genesis of and exploration for industrial and ore meinerals Mineral Deposits Studies Group, 19 -21
December 1985, University of Strathclyde.

Prospecting in areas of glaciated terrain, 16 -18 May 1984, University of Strathclyde & Institution
of Mining and Metallurgy.

Origin of sediment-hosted stratiform metalliferous ores, Mineral Deposits Study Group,
September 1982, Glasgow.

Caledonian Stratiform Sulphides, 25 April - 2 May 1981, University of Strathclyde.

Chemistry teachers induction course, organizer and lecturer (Mineral Industry Manpower and
Careers Unit), 4 - 9 May 1981, University of Strathclyde.

Research and management skills

Research funded by the Natural Environmental Research Council (UK) gained "excellent"” ratings
as Pl or co-Pl in final grant reports on "The Origin of Life", and "Isotope Studies of Ore Deposits".
As Professor and Head of the Department of Applied Geology at the University of Strathclyde my
department gained the highest rating in 1988 for research and teaching from the University Grants
Committee of Great Britain.

Also, based on wide professional experience | have shown in over one hundred publications that |
can synthesize knowledge across most fields of science into coherent theory. Practical experience
as a works chemist improver in the chemical industry (Howards of Ilford, London) gave me an
understanding of the behaviour of metal catalysts in organic reactions prior to my University
education. After my first degree, geochemical and geophysical surveying for the mining industry
imparted knowledge of the wider properties of metal sulfides (Canada and Ireland). From
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geological surveying (Solomon Islands, Africa, UK) | gained experience in volcanology, field
mapping, hydrothermal springs and hydrology. As an academic | have expertise in geochemical,
isotopic (including GC-MS) and mineralogical analysis. | have also developed skills in chemical
synthesis, and researched geothermal energy. More recently | have gained some expertise in
biochemistry and microbiology from several international collaborations. All these experiences
have been integrated into an evolutionary narrative that has culminated in an original theory for the
emergence and early evolution of life which involves feedbacks between global tectonics, fluid
flow, geochemistry, biochemistry and energetics.

Evidence of impact on, and major contributions to, the origin of life

The Geological Society of America invited an update our theory for publication in a Special
Issue concerned with the Early Earth (Russell and Hall, 2006). Our invited contribution to the
Centenary Edition of Economic Geology has just been published (Russell et al., 2005).

Invitations from the Royal Society of London resulted in papers written with my collaborator,
Professor William Martin> The first explains the origins of cells through evolutionary transitions
from abiotic geochemistry to chemoautotrophic prokaryotes, the early divergence of the
prokaryotes into the eubacteria and the archaebacteria, and the endosymbiotic event that produced
the third domain of life, the eukaryotes (Martin and Russell, 2003) and the second describes how
geochemistry evolves to biochemistry (Martin and Russell, 2007). Around forty other papers on the
origin of life have been published since 1988. | have published three papers on the emergence and
possible detection of life on Mars.

I have given over 60 invited lectures at international venues including 20 keynote lectures. Over 40
of these various invitations have centered on the Origin of Life and Astrobiology. They contribute
to the growing realization that "it is the inorganic elements that bring organic chemistry to life."

| have also been featured on two BBC HORIZON programs on the Origin of Life and Life on Mars
as well as on numerous other channels, radio programs and in the press.

Because the hydrothermal origin of life is a "geological, geochemical and tectonic issue”, my
career in retrospect can be seen as leading to this field of research. Contributions at stages in
development were:-

i) In a paper published in 1968 predicting the location of the giant zinc-lead orebody at Navan
(discovered in 1971) I was first to place the large hydrothermal base-metal deposits in
Ireland in a plate tectonic context. This paper was awarded the Arthur Claudet Students Prize
1968, from Institution of Mining & Metallurgy and was reproduced in a Benchmark Volume
(1974). A letter on the topic was published in Nature, 1969 and invited papers were
delivered to, and written for, the first symposia on Plate Tectonics and the Earth Sciences)

ii) Publication of the first extensive lithochemical manganese aureole around the Tynagh
orebody, Ireland, proved a relationship with submarine springs in Carboniferous times
(1973/4 in the Institution of Mining and Metallurgy (IMM)).

iii) An original theory explaining the genesis of giant base-metal deposits by downward
excavating hydrothermal cells of moderate temperature was found to have general
application (1978, 1981 et seq. IMM, Economic Geology etc.) and provided the physical basis
for our theory on the onset of life.

iv) Lead isotopes were used to test the downward excavating-cell hypothesis. The hypothesis
survived and alternative hypotheses were refuted (published in Nature 1987 and Economic
Geology etc.).

v) Sulfur isotope analyses were used to test the sedimentary exhalative/diagenetic theories
for the origin of the Irish orebodies. Again the theory passed the tests and afforded a deeper
understanding of these world-class deposits (Nature 1983, Economic Geology etc.).

vi) Plate tectonic considerations led to the discovery of a giant 300 million year old dyke
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swarm in the North Sea, with intimations regarding petroleum resources in the western
approaches to the British Isles (1980s) (1983 et seq., Tectonophysics etc.).

vii) The recognition of a Precambrian period of alkaline weathering could explain giant
potassium and barium feldspar resources (1985 et seq. Sedimentology etc.).

viii) A new theory was developed to explain the origin of the Alpine magnesite deposits from
alkaline hydrothermal solutions and tested with stable isotopes (1991, et seq. Economic
Geology)

ix) I and my PhD students discovered the first fossil hydrothermal chimneys at Silvermines,
Ireland, in 1980 (Nature, 1983). Later my students were the first to discover fossil
hydrothermal polychaete worms (Nature 1985, Economic Geology).

Research developments

My research has opened up a variety of fresh trans-disciplinary channels, some of which I
continue to be involved with as a collaborator. Apart from predicting the discovery of alkaline
hydrothermal vents on the ocean floor away from the ridges i.e., the Lost City vents, Kelley et
al, 2001) my general model has been taken as a basis to explain:

i) the origins of RNA world (Braun and Libchaber, 2004; Koonin and Martin, 2005; Baaske et
al. 2007),

ii) the origin of metalloenzymes and the origin of the water oxidizing center in oxygenic
photosynthesis (Fontecilla-Camps and Ragsdale, 1999; Rickard et al. 2001; Sauer and
Yachandra, 2002; Baymann et al., 2003; McGlynn et al. 2009;),

iii) The development of inorganic and organic membranes and polymerization in hydrogen
and other reactors (Budin et al. 2009; Matsumo, 1997; Stone and Goldstein, 2004),

iv) metabolic pathways in microbes and eukaryotes (Daniel and Danson, 1995; Hengeveld and
Fedonkin, 2004),

v) prebiotic thiol and phosphate chemistry (Heinen and Lauwers, 1996; de Zwart et al., 2004)
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Background to my research on the origin of life

It was the discovery of fossil hydrothermal chimneys that inspired our development of the
hydrothermal theory of the origin of life at a submarine spring. Beginning as correspondence
to Nature (Russell et al. 1988), I, and my collaborators have published over 30 papers on
theoretical and experimental aspects of our autotrophic hypothesis. Significant milestones
were:
1. The recognition that basic to life's emergence was the formation of mineral compartments
across which steep redox, pH and ionic gradients were poised (Russell et al. 1989 et seq.). We
demonstrated that the pH gradient acting across the membrane (acid outside, alkaline inside)
constituted a natural protonmotive force, and that the redox gradient could augment this
force by chemiosmosis (e.g., Russell and Hall, 1997; 2006). The energy focused across the
barrier in this way was commensurate with that required by all life, i.e., a volt or less (Russell
and Hall, 1997). Also the compartments solved the "concentration problem" (Martin and
Russell, 2003).
2. 1 predicted the discovery of off-ridge alkaline hydrothermal springs of moderate
temperature in Russell et al. (1994). The discovery of such an alkaline spring has been
reported by Kelley et al. (2001, 2005).
3. As expected, these springs contained significant (i.e., 15 mmol/litre) Hz, which, we had
argued, could have reduced the CO; concentrated in the first oceans. This process evolved
from a geochemical feedback system to an autogenic metabolism (Russell et al., 1993,1994).
4. Our laboratory experiments have demonstrated the facility with which amines, organic
sulfides and polysulfides may be synthesised in an aqueous solution of HCHO, NH4COO-,
MgCl;.6H20, H2S and NH3 (Cole et al., 1994). We have also reduced a cyclic ketone with HzS to
trisulfide (Kaschke et al, 1994). Since then we have successfully repeated the acetate
synthesis of Huber and Washtershauser (1997; Russell et al., 1998), but have not been able to
reduce CO; directly. It is for this reason that I am turning away from autoclave synthesis and
to the use of open system reactor experiments (Russell et al., 2003).
5. We were the first to demonstrate the structural similarity between greigite (a Ni-Fe-
sulfide) and the active centres of various essential proteins that must have existed within the
first microbes (e.g.,, CODH/ACS & ferredoxins) (Russell et al., 1994). Subsequently we showed
how moieties of this mineral structure could be sequestered by short achiral peptides and
have acted as the first electron transfer agents, hydrogenases and synthases (Russell et al,
2003; Milner-White, Russell, 2005).
6. Deriving from the idea that metals and metal sulfides were first to do the biochemical work of
CO, fixation, we have demonstrated how the acetyl-coenzyme-A pathway could have developed
in the hydrothermal mound - a mound that acted as a flow reactor and affinity column (Russell and
Martin, 2004).
7. A genetic control may also be understood in terms of molecular recognitions at mineral
surfaces, specifically because of affinities between arrays of triplets of nucleic acid bases and
the side chains of particular abiotic amino acids (Russell, Mellersh and Hall, 2003).
8. The theory has now been developed to include the early differentiation of the archaeal
from the bacterial domain. These prokaryotes expanded to comprise the "deep biosphere"
(Martin and Russell, 2003; Russell and Arndt, 2005; Russell and Hall, 2006).
9. The continued coupling between life and convection can also explain the onset of oxygenic
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photosynthesis (Russell and Arndt, 2005). A feature of this latest model is that a Ca-Mn-oxide
entity in littoral manganiferous sediments was co-opted as the Oxygen-Evolving Complex by
PS2 in the cyanobacterial ancestor (Russell and Hall, 2001; Russell et al., 2008). Thus, we
argue that both chemosynthesis and oxygenic photosynthesis emerged within the confines of
mineral constituents (Ni-Fe sulfides and Ca-Mn oxides respectively) — constituents that were
then co-opted as catalytic cubane-bearing catalysts by their prokaryotic hosts.

10. Understanding the general nature of hydrothermal systems has led to research and
publication on the likelihood of life on Mars and suggestions as to exploration methods
(Russell and Hall, 1999; Russell et al., 1999). While it is common knowledge that methane,
and more especially oxygen, are indicative of biotic waste effluent, we point out that acetate
in ice or water on another planet is a certain indicator of the presence of life (cf. Russell and
Martin, 2004; Yung, Russell, Parkinson, 2010).
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